Introduction
The application of strontium (Sr) isotopic analysis to investigate movement, mobility and/or migration, as well as to reconstruct dietary characteristics of both humans and animals, has developed as a key tool in archaeological, archaeozoological, archaeobotanical and anthropological science (Ericson, 1985; Ezzo et al., 1997; Grupe et al., 1997; Latkoczy et al., 1998; Price et al., 1998; Burmeister, 2000; Schweissing and Grupe, 2003; Price et al., 2004; Bentley, 2006; Bendrey et al., 2009; Towers et al., 2009; Copeland et al., 2010; Montgomery, 2010) . It is a well known fact that Sr stands out due to its unique properties concerning significant regional differences in its isotopic composition (geological fingerprint), ubiquity in nature and accessibility in a broad set of diverse sample matrices (Ericson, 1985; Capo et al., 1998) . For that reasons, researchers in a range of disciplines conduct Sr isotope analyses using either thermal ionization mass spectrometry (TIMS) or multiple collector inductively coupled plasma mass spectrometry (MC-ICP-MS) (Capo et al., 1998 , Prohaska et al., 2002 Fortunato et al., 2004; Grousset and Biscaye, 2005; Swoboda et al., 2008; Brunner et al., 2010) . Due to its chemical similarity to calcium (Ca), Sr acts as a proxy for Ca. As a consequence, dietary Sr is easily incorporated into Ca-rich tissues such as tooth and bone. During this process the Sr isotopic signature specific to a particular location is also stored in the human skeleton and therefore has the potential, depending on the type of tissue and its specific turnover, to reflect Sr uptake during a specific time period of an individual's life (Capo et al., 1998; Bentley, 2006) . Human enamel, with its compact physical structure and growth characteristics, has been shown to act as a reservoir of the bioavailable Sr taken up during the early years of an individual's life and thus represents a reliable matrix for mobility and migration studies. It is widely accepted that enamel is less susceptible to significant diagenetic changes (Budd et al., 1998; Lee-Thorp and Sponheimer, 2003; Prohaska et al., 2003; Hoppe et al., 2004; Price et al., 2006; Shaw et al., 2009; Montgomery, 2010) . Nonetheless, a cautious approach to interpretation is obligatory when attempting to determine the local signal and the dietary Sr sources of the investigated individuals (Price et al., 2002; Montgomery, 2010) .
Determining the locally specific bioavailable Sr isotopic signature is an essential prerequisite to answering questions about residence changes, migration and mobility behaviour or the provenance of food sources. So far, approaches to defining and delimiting a 'cut-off' range for the Sr isotopic background of a region differ greatly: ranges have, e.g., been based on values determined for local rock, soil or ground water (Beard and Johnson, 2000) , on human bone within an investigated group (Grupe et al., 1997) and on fossil and/or modern local animals (Price et al., 2002) .
The burial grounds of Franzhausen in the Lower Traisen Valley have been dated to approximately 2600-2200 BC. The individuals buried at the site belong to the Corded Ware culture and Late Bell Beaker culture and therefore coincide with the transitional period from the Neolithic to the Bronze Age. A number of studies underline evidence of locally varying mobility and/or migration in Europe at this transitional period (Price et al., 1994; Grupe et al., 1997; Price et al., 1998; Grupe et al., 1999; Price et al., 2004; Haak et al., 2008; Nehlich et al., 2009 ). The project presented here is the first comprehensive transdisciplinary study on an End-Neolithic population in Eastern Austria combining geographic background, mortuary practice, anthropological studies (sex, age, pathology, demography, enthesopathies, and 87 Sr/ 86 Sr isotope analysis), typology and raw-material analysis of the grave goods, use-wear analysis, experimental studies and radiocarbon dating. Detailed description of grave goods, archaeological features and considerations, as well as background information on the site itself, can be found in the archaeological part of this study presented in Kern (this volume); this paper addresses the 87 Sr/ 86 Sr isotope analysis.
Materials and methods
All preparatory laboratory work was performed in a Class 100,000 clean room. Type I reagent-grade water (18 M cm) (F+L GmbH, Vienna, Austria) was further purified by subboiling distillation (Milestone-MLS GmbH, Leutkirch, Germany). Nitric acid (HNO 3 ) was prepared by double subboiling distillation of analytical reagent grade acid (65 % m/m) (Merck KGaA, Darmstadt, Germany). All polyethylene (PE) flasks, tubes and pipette tips (VWR International GmbH, Vienna, Austria), as well as perfluoroalkoxy (PFA) screw cap vials (Savillex, Minnetonka, USA), were cleaned in a two-stage washing procedure using HNO 3 (10 % m/m and 1 % m/m) and were then rinsed with Type I reagent-grade water before use. Samples and sample preparation Permanent teeth were sampled from 49 individuals from the Franzhausen subsites I (n = 9), II (n = 30) and III (n = 10). Selection was based on availability and state of preservation. Forty-one individuals buried in the three areas belong to the Corded Ware culture, whilst 8 individuals originating from subsite Franzhausen II were identified on the basis of archaeological findings as representatives of the Late Bell Beaker culture (Kern, this volume). One permanent tooth was extracted from each individual. Parameters are given in Table 1 . Tooth samples were sonicated for approximately 5 minutes in HNO 3 (1 % m/m) followed by a rinsing step using Type I reagent-grade water to eliminate surface contamination. The samples were dried at room temperature. Entire tooth fragments of enamel or a few mg of tooth material (Table 1) were sampled using a dental diamond drill (Edenta AG, Au, Switzerland). Samples were digested in a mixture of 1 mL analytical grade H 2 O 2 (30 % m/m) (Merck KGaA, Darmstadt, Germany) and 2 mL doubly subboiled HNO 3 (65 % m/m) by hot plate (IKA, Staufen, Germany) assisted acid digestion at temperatures of approximately 120-150°C for 2 hours. Precleaned PFA screw cap vials were used for digestion. The digested samples were transferred to PE vessels, which were filled up to 10 g using HNO 3 to obtain a final molar concentration of 8 mol L -1 . One blank was generated for each digestion run consisting of 9 samples.
In addition, 6 recent soil samples from the burial grounds of Franzhausen were randomly taken during the excavation and ~ 20 g thereof were further processed for isotopic analyses. The soil samples were spread in open Petri dishes, dried in an oven (WTB Binder, Binder GmbH, Tuttlingen, Germany) overnight at 60°C and subsequently passed through a 2-mm sieve. The bioavailable metal fractions were extracted in duplicates from the samples by NH 4 NO 3 extraction, which was performed according to DIN V 19730 (1997) . Therefore, ~ 25 mL 1 mol L -1 NH 4 NO 3 (Rectapur, VWR International GmbH, Vienna, Austria) were added to ~ 10 g of dried soil sample and shaken at 20 rpm at room temperature for 2 hours using a GFL 3040 overhead rotator (GFL Gesellschaft für Labortechnik GmbH, Burgwedel, Germany). After sedimentation, the extracts were filtered using folded filters (Munktell Filter AB, Falun, Sweden) and acidified with doubly subboiled HNO 3 (65 % m/m) to a final concentration of 1 % (m/m) for stabilization.
Elemental analysis by inductively coupled plasma quadrupole mass spectrometry (ICP-QMS)
Strontium and rubidium (Rb) concentration analysis was performed using an ICP-QMS (ELAN DRCe, Perkin Elmer, Ontario, Canada) by external calibration (9-point calibration ranging from 0.05 ng g -1 to 200 ng g -1 ) with standards prepared gravimetrically from a commercially available multi-element stock solution (multi-element standard Merck VI, 10 mg L -1 ; Merck KGaA) including 10 ng g -1 indium (In) as internal normalization standard (Merck KGaA). Samples were diluted, digested tooth samples at 1:12.5 and extracted soil samples at 1:50, prior to measurement using HNO 3 (1 % m/m). Blank correction was accomplished by aspirating HNO 3 (1 % m/m) and intensities were normalized to 115 In. Instrumental parameters are given in Table 2 .
Sr isotope ratio measurements by MC-ICP-MS
Sr/matrix separation prior to isotopic analysis was performed according to the method described in Swoboda et al. (2008) using a Sr specific resin (ElChrom Industries, Inc., Darien, IL, USA) with a particle size of 100 μm to 150 μm. Three mL frit tubes (Separtis, Grenzach-Wyhlen, Germany) and filters (pore size: 10 m) (Separtis, Grenzach-Wyhlen, Germany) were used for separation. Approximately 0.5 mL of resin in the column was conditioned and washed using 6-8 mol L -1 HNO 3 . Sample elution was performed using subboiled water. The eluted samples were screened for the efficiency of the Sr/matrix separation as well as for determination of the Sr concentration after separation. For that purpose, ICP-QMS (monitoring the isotopes 85 Rb and 88 Sr) was used (instrumental parameters are shown in Table 2 ). In order to attain optimal signal intensity and stability for subsequent MC-ICP-MS analysis, the samples were diluted to approximately 10 ng g -1 Sr with 1 % HNO 3 (m/m). Strontium isotope ratio measurements were taken with a MC-ICP-MS instrument (Nu Plasma HR, Nu Instruments Ltd., Wrexham, UK). A desolvation nebulisation membrane unit (DSN 100, Nu Instruments Ltd.) was used in combination with a PFA nebuliser (Microflow ST Nebuliser, Elemental Scientific Inc., Nebraska, USA) as sample introduction system. Instrumental parameters for Sr isotopic analysis are summarized in Table 3 . The detector arrangement and optimized measurement conditions are described in detail elsewhere (Ohno and Hirata, 2007; Swoboda et al., 2008) . Blank correction was performed using the 'measure zero' method implemented in the Nu Plasma instrument software by aspirating solutions of 1 % HNO 3 (m/m) prior to every set of 6 samples. (Müller et al., 2003; Faure and Mensing, 2005) . A solution of 10 ng g -1 Sr of NIST SRM 987 was measured as quality control every sixth sample and showed a mean 87 Sr/ 86 Sr ratio of 0.71030 ± 0.00014 (1 ). Mass bias correction and correction for residual Rb in the sample was performed according to Ehrlich et al. (2004) . A relative standard uncertainty (RSU, k = 1) of 0.005 % was calculated according to EURACHEM/GUM (Eurachem, 1993; ISO, 1993) taking into account blank, Rb and mass bias correction. 
Results and discussion
The Sr isotopic signal of the local soil was determined through the analysis of an ammonium nitrate extraction. This extract directly reflects the isotopic signature of bioavailable Sr in the mobile phase of the soil in the area of Franzhausen. The fact that the bioavailable Sr in a distinct area is reflected by soil extraction is supported by previous studies (Beard and Johnson, 2000; Schweissing and Grupe, 2003; Swoboda et al., 2008; Brunner et al., 2010) . Isotopic data of the samples overlap within their uncertainties (Table 4 ) and show a mean 87 Sr/ 86 Sr ratio of 0.70995 ± 0.00011 (1 ). The Sr isotopic composition of the enamel samples is given in Table 1 and Figure 1 shows the 87 Sr/ 86 Sr ratios in the enamel of all individuals sorted in order of increasing values. In order to check the homogeneity of the isotopic composition of the investigated individuals, we calculated a mean value and used the ± 2 range to identify the outlying individuals found at the site. The mean value of all 87 Sr/ 86 Sr ratios is 0.71016 ± 0.00095 (1 ). This value accords (within the uncertainties) with the prior determined signal of the bioavailable Sr of the area.
As a consequence, samples 11, 14, 18 and 19 fell outside of a 2 range (0.70826-0.71206) of the mean 87 Sr/ 86 Sr ratio in enamel samples and were therefore not included in the second iteration. The mean value and the corresponding 2 range of the remaining 45 samples were recalculated, yielding a final 87 Sr/ 86 Sr mean value of 0.70994 and a range (2 ) of 0.70876-0.71111 (Fig. 1) . On the basis of this definition of the autochthonous signal, six nonlocal individuals (samples 5, 11, 14, 16, 18, 19) were characterized among the investigated group of 49 people, corresponding to a total of 12 % nonlocals. Some of these individuals archaeometrically identified as "nonautochthonous" individuals were also characterized as nonlocal on the basis of their grave goods. E.g. Grave 8/Sample 16 contained the skeletal remains of a 30 to 40-year-old man, who was equipped with a needle of foreign shape, which can be seen as an additional indicator for his nonlocal origin. The 25 to 35-year-old woman found in Grave 1055/Sample 19 was buried in a magnificent grave that included a large set of grave goods (three vessels, copper earrings and copper beads, stone tools and a dagger made of Arnhofen tabular flint) (for details see Kern, this volume).
The assessment of the age of death of the individuals is shown in Figure 1 . Age categories used in this study were adult and subadult, with the cut-off of age determined as death at 20 years. We counted 36 adults (>20 y) and 13 subadult individuals (<20 y), thus comprising fractions of 73 % and 27 %, respectively. The individuals of the three subareas reveal similar fractions of adult and subadult individuals (I: 78 % adult/22 % subadult; II: 73 % adult/27 % subadult; III: 70 % adult/30 % subadult). Five out of the six nonlocal individuals (Samples 11, 14, 16, 18, 19) are adult; the age at death for the sixth individual (Sample 5) was estimated at between 15 and 17 years. That individual originates in Area I. Amongst the adults (n = 36), five individuals (14 %, Samples 11, 14, 16, 18, 19) were identified as nonlocal, whereas among the subadults (n = 13), one individual (8 %, Sample 5) was found to be of nonlocal origin. According to the archaeological sex determination (including all individuals) -based on gender specific bipolar burial orientation (Kern, this volume) (Fig. 2a) -30 individuals were female and 18 were male. Out of those, two of the females (7 %, Samples 18, 19) and four of the males (22 %, Samples 5, 11, 14, 16) were identified as nonlocals. The gender of one individual could not be determined (Sample 39).
Out of the 22 female adults, two individuals (9 %, Samples 18, 19) were identified as nonlocals, whereas among the 14 male adults, three individuals (21 %, Samples 11, 14, 16) were identified as nonautochthonous.
According to the anthropological determination of the sex of the individuals (Fig. 2b) , 22 individuals were female and 11 were male. Out of these, two female individuals (9 %, Samples 18, 19) and three males (27 %; Samples 11, 14, 16) were identified as nonlocals. Sex could not be determined for 16 individuals (33 %); one of those 16 individuals (Sample 5) was identified as nonlocal.
Among 11 adult males, three (27 %, Samples 11, 14, 16) were identified as nonlocals, whereas two of the 21 adult females (10 %, Samples 18, 19) were of nonlocal origin. The results resulting from the two approaches do not differ conspicuously and imply higher mobility among male individuals. Figure 3 shows the distribution of the investigated individuals with respect to Burial Areas I, II and III. One of the six nonlocals originates from Area I (Sample 5). Five (Samples 11, 14, 16, 18, 19) out of six nonlocal individuals were buried in Area III, resulting in a fraction of 50 % nonlocals within the investigated group (n = 10), thus revealing a higher fraction of nonlocals in comparison to those determined for Subarea I (11 % nonlocals) and Subarea II (0 % nonlocals). Due to the total number of individuals involved, it is clear that the statistical relevance of this finding is limited, and that caution must be used in its interpretation. However, it is interesting to consider that not only are these individuals grouped with respect to the location of the burial site (Franzhausen III) but that they also represent the chronologically earliest Corded Ware group investigated in Franzhausen.
In the following, we compare the results of the Sr isotope ratios of the representatives of the Corded Ware culture with those of the Bell Beaker culture individuals (Fig. 4) . The 87 Sr/ 86 Sr ratios in enamel from all eight individuals for whom archaeological evidence indicates affiliation with the Bell Beaker culture (Samples 35, 39, 40, 41, 42, 43, 44, 46) are within the local Sr isotope range determined for the area of Franzhausen and all of these eight samples originate from Subarea II. Fifty percent of those individuals belonging to the Late Bell Beaker culture are subadults.
Conclusions
Approximately 88 % of the individuals recovered at the Franzhausen site were classified as local individuals based on Sr isotopic composition of their tooth enamel.
With regard to the autochthony of the individuals within the three spatially distributed subareas (I, II and III), we obtained evidence that a higher number of individuals can be assigned a nonautochthonous origin in Subarea III than is the case for individuals buried at Subareas I and II. With respect to the chronology of these graves, the results of our Sr isotope investigation seem to indicate that the migration rate was highest in the earliest Corded Ware phase. Several morphometric studies have reported differences between the mobility of males and females belonging to ancient groups that subsequently populated the same area (e.g. early Bronze Age populations) (Teschler-Nicola, 1993; Pellegrini et al., 2010) . As we were aware of these findings, our intention was to shed light on the mobility pattern of their predecessors. Interestingly, we found that the mobility of males was approximately twice as high as that of the females investigated. This result is independent of whether biological characteristics or grave goods are used for sex determination. This -again -runs counter to previous studies on Bell Beaker as well as Corded Ware migration, which have found higher proportions of migrants among females than among males (Price et al., 2004 , Haak et al. 2008 .
Unlike other studies on Bell Beaker migration in Europe, this study found that the representatives of the Bell Beaker culture who inhabited the Lower Traisen Valley around Franzhausen were all indigenous. This runs counter to published data in the field, which showed substantial mobility in the Bell Beaker period in Central Europe (Grupe et al., 1997; Price et al., 2004) . However, considering the small number of individuals investigated, we have to be careful when drawing a general conclusion. Still, local variability is likely to exist in the migratory behaviour of the purportedly highly mobile Bell Beaker people. This study, in which, for the first time, Corded Ware people are also included, should be extended to other sites to permit a reliable answer to be found to a question of population dynamic phenomena at this particular transitional period that has been discussed for some time.
As these initial results look promising, further investigations will include the analysis of teeth from the remaining individuals in order to complete the data set on the burial grounds (including all subareas) and complete the study within the investigated population. Additionally, direct radiocarbon dating of human skeletal remains should shed light on unanswered questions about the chronology of all the subareas differentiated at the site, including the subareas IV, V and VI, which have not yet been subjected to radiocarbon dating and Sr isotope analysis.
